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Introduction 


INCE ITS introduction in 1903 the ductil- 
ity test for asphalts has been, and still is, 
controversial. Some asphalt technologists 
believe that the test is an indication of a 
necessary property of asphalt related some- 
what to its adhesive properties or stickiness, 
but others consider the present laboratory test 
for ductility of no value for indicating the 
potential quality of an asphalt as a paving 
material. 
A review of the literature offers support for 
both of these divergent views. These contra- 
dictions suggest a need for a careful evaluation 
of the significance of the ductility test and its 
relation to other properties of the asphalt 
cement and a restudy of some of the available 
data to determine if there is a satisfactory 
explanation for the opposing viewpoints. 
This article, which is part of a general 
symposium on the properties of asphalt that 
affect pavement performance, emphasizes the 
advantages of considering the ductility- 
penetration relationship of an asphalt in 
evaluating the effect of the asphalt character- 
istics on pavement performance. When avail- 
able data are analyzed on this basis, there is a 
strong indication that the consistency at which 
the asphalt begins to lose ductility rapidly and 
the temperature at which such consistency 
occurs is a significant relationship. Because 
for some asphalts this point occurs at a rela- 
tively low penetration (or temperature) 
indications are that factors other than ductil- 
_ ity, as measured in the laboratory test, control 
pavement performance, hence the conclusion 
_is often reached that ductility is unimportant. 


Summary 


_ The amount of hardening of the asphalt 
during construction and the rate of hardening 
in service are the primary factors affecting 
durability of a pavement. However, the data 
discussed in this article demonstrate that the 
accompanying decrease in ductility of the 
asphalt is an important secondary factor that 
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Relation of Asphalt Ductility 
To Pavement Performance 


Reported by' WOODROW J. HALSTEAD, 
Supervisory Chemist 


This article provides a critical review and restudy of published data as well 
as previously unpublished data concerning the relation of asphalt ductility to 


pavement performance. 


The author points out that the consistency at which the asphalt begins to 
lose ductility rapidly and the temperature at which such consistency occurs 
is a significant relationship. The analysis of the data further indicates that, 
although an accelerated laboratory test is not available to accurately predict 
the ductility-penetration relationship of an asphalt in service, the ductility- 
penetration curve of the thin film residue provides a useful means for differ - 
entiating between asphalts and detecting those materials most likely to give 
unsatisfactory service. Requirements for minimum ductility, at 77° F., of the 
residue from the thin film oven test serve to eliminate potentially unsuitable 


materials. 


must not be overlooked. Pavements contain- 
ing asphalts having penetrations in the range 
normally considered satisfactory (80 to 50) 
but having low ductilities are likely to show 
poorer service than pavements containing 
asphalts of the same penetration but having 
high ductilities. 

The physical characteristics of the pave- 
ments, such as void content and permeability, 
and the environmental factors greatly affect 
the hardening rate of the asphaltic binder as 
well as the degree of oxidation during pave- 
ment service. Consequently, an accelerated 
laboratory test to accurately predict the 
ductility-penetration relationship or the 
change in the ductility-penetration relation- 
ship of an asphalt in service is not available. 
However, the ductility-penetration curve of 
thin film residue provides a useful means for 
differentiating between asphalts and detecting 
those materials most likely to develop un- 
satisfactory characteristics. | Requirements 
for minimum ductility of the thin film residue 
at 77° F. based on the critical curve illustrated 
in this article serve to eliminate such poten- 
tially unsuitable materials. Recently adopted 
limits for ductility of the thin film residues in 
the AASHO specifications are based on this 
curve. These specifications have a minimum 
of 50 em. for thin film residue of the 60-70 


grade, 75 cm. for the 85-100 grade, and 100 
em. for all softer grades. 

Further research is needed to establish the 
optimum conditions of the ductility test. 
The conditions of the 77° F. test at 5 em. per 
minute may not provide the most useful 
information. Other temperatures, speeds of 
pull, or even shapes of specimens may prove 
to be more useful, but, until research data 
are available to define the optimum condition 
of the test, test requirements for the ductility 
of the thin film residue at 77° F. should be 
retained. 

More research is also needed to clearly 
define the significance of ductility in relation 
to pavement behavior. An asphaltic pave- 
ment is subject to extremely wide temperature 
changes in service and the ductility of the 
asphalt, as measured by the present laboratory 
test, can vary from zero to values exceeding 
the limits of the ductilometer. Therefore, it 
is most likely that the ability of the asphalt to 
undergo elongation is not the primary char- 
acteristic affecting durability but rather that 
the ductility test result is an indication of an 
internal phase relationship of the asphaltic 


1 Presented at a meeting of the Association of Asphalt 
Technologists, San Francisco, Calif., February 1963. 
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constituents, which in turn have an important 
bearing on the serviceability factors of the 
asphalt. 


Established Ductility-Penetration 
Relationships 


The general relations of the ductility test 
results to test temperatures and consistencies 
of the asphalt and the variations of these 
relationships according to source or method of 
refining of the asphalt have been shown in 
published reports. 

Figures 1 and 2, taken from a report by 
Lewis and Welborn presented before the 
Association of Asphalt Paving Technologists 
in January 1940 (1) 2 show respectively the 
variation of ductility in relation to changes in 
test temperatures and the penetrations of the 
asphalts. The significant feature of these 
curves is the many queer shapes that were 
obtained for asphalts from different sources 
when smooth curves were drawn to fit the 
data points. The differences in shape could 
be considered as indicative that the ductility 
as measured by the laboratory test at 77° F. 
has no true significance, but closer considera- 
tion shows that essentially all the curves have 
some common characteristics. 

The curves for each asphalt manufactured 
by vacuum or steam reduction show that 
ductility increased sharply as test tempera- 
tures or penetrations were increased until a 
maximum was reached; upon further increase 
in temperature or penetration the ductility 
decreased, but usually at a slower rate. 
Ductility of some asphalts increased more 
gradually than others in relation to tempera- 
ture. Although information about the manu- 
facturing processes for these asphalts is 
incomplete, some oxidation is believed to have 
been used. 

When the curves are viewed separately, 
no significant difference is apparent between 
the shapes of the curves for ductility against 
temperature shown in figure 1 or for ductility 
against penetration shown in figure 2. How- 
ever, the relative positions of the curves for 
different asphalts are different and this is 
important when the behavior of one asphalt 
is being compared with another, particularly 
if the materials have significantly different 
consistencies at the same temperature. 

Lewis and Welborn in the same article 
(7) illustrated another very important char- 
acteristic of asphalt ductility that is often 
overlooked. They showed a plot that in- 
cluded data from ductility tests made at six 
different temperatures on each of 10 asphalts 
of different grades that had been steam and 
vacuum reduced from the same crude source. 
The test temperatures ranged from 50° to 
95° F. and the penetrations at 77° F. ranged 
from 23 to 182. The total range in penetra- 
tion (extrapolated) was 6 to 442. The upper 
curve of figure 3 shows the test results for 
asphalts that had penetrations of less than 
70. Despite the wide differences in ductility 


2 References indicated by italic numbers in parentheses are 
listed on page 230. 
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Figure 1.—Relation between ductility and test temperatures of selected samples of 50= 
60 penetration asphalts. 
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Figure 2.—Ductility-penetration relation of selected samples of 50-60 penetration grade 
asphalts, tested at different temperatures. 
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| t the different temperatures or for the 
different grades of asphalt at the same tem- 
perature, the data form a single ductility- 
penetration curve. The lower curve in figure 
8, based on data reported by Lewis and 
Halstead (2), shows that the residues from 
the thin film oven tests for these same asphalts 
‘also form a single curve, even though the 
asphalts were of different grades and tests 
were made at different temperatures. This 
same relationship is generally true for all 
‘series of steam or vacuum reduced asphalts 
refined from the same source. However, 
when oxidation (blowing), cracking, or other 
‘refinery techniques are employed, Lewis and 
Halstead showed that the ductility for as- 
_phalts having the same penetration may differ 
significantly according to the grade of the 
asphalt. Figure 4 shows data for the duc- 
_tility-penetration relationships for original 
asphalts and residues from the thin film test 
or each of three grades of asphalts obtained 
from the same source and that had positive 
‘spots in the Oliensis test. The data for each 
grade of material form a separate curve, but 
each of the curves for the residue is below the 
curve for the original asphalt of the cor- 
_ responding grade. 

_ Additional data to illustrate the basic rela- 
tions between the ductility and penetration 
of asphalts after different treatments are 
available from unpublished test results ob- 
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tained in 1940 by Committee 3A of the Asso- 
ciation of Asphalt Paving Technologists 
(AAPT). In this cooperative effort, several 
laboratories, including the Bureau of Public 
Roads, conducted studies of nine asphalts. 
Test included the determination of the 
penetration and ductility of (1) the original 
materials, (2) the asphalts after several 
accelerated weathering tests, including oven 
heating and oxidation, and (3) the asphalts 
after their recovery from laboratory mixtures 
made and aged under different conditions. 
Figure 5 shows the data obtained by the 
Bureau of Public Roads for the ductility- 
penetration relationship of asphalts from two 
sources—a California crude and a midcon- 
tinent crude; both had been refined by the 
steam and vacuum process. The data points 
shown were obtained by use of a 50-60 and 
an 85-100 grade asphalt from each source. 

Only a limited number of definite data 
points are available for the California asphalts 
as most of the ductility results were more 
than 250 cm. However, the available points 
illustrate the extremely rapid decrease in 
ductility known to be typical of asphalts from 
this source. Different conditions of hardening 
the asphalts did not materially affect the 
penetration at which the rapid decreases in 
ductility occurred. 

The data points for the midcontinent 
asphalts show that the asphalts from all tests 
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retained approximately the same ductility- 


penetration relationship. However, the best 
agreement with the general curve shown is 
indicated by the data for the 5-hour, thin 
film test for the asphalts recovered from the 
pavement samples and asphalts recovered 
from laboratory mixtures aged under different 
conditions. The significant deviations from 
the general curve can be explained by the 
degree of oxidation that occurred under the 
different conditions. Data points for the 
original asphalts and residues from _ the 
standard loss test, where oxidation was very 
limited, generally fall above the plotted curve. 
Data for the 18-hour thin film and oxidation 
residues, tests in which oxidation can be a 
major factor, fall below the plotted curve. 


Interpretation of Ductility- 
Penetration Relationships 


The relationships given in figures 1 through 
5 provide a basis for the interpretation of 
ductility data from tests made on the original 
asphalts; on the residues from accelerated 
weathering tests, such as the thin film oven 
test; and on asphalts recovered from pavement 
samples. These figures illustrate that as- 


phalts from the same source have the same _ 


ductility for equal consistencies, unless oxida- 
tion or other significant changes have occurred 
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Figure 3.—Ductility-penetration relation 


and vacuum distillation. 
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Figure 4.—Ductility-penetration relation for asphalts of 
different grades prepared from the same crude that had some 


cracking and blowing during the manufacture. 
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Table 1.—Characteristics of asphalts recovered from Kansas Experimental Projects 


Age when 
sampled 


Penetration 
Sticks 
100 g., 5 sec. 


Ductility, 
5 em. per min. 


at 77° F 


Performance 2 
rating at 72 
months 





Asphalt A: 
re (osaqere jc ek: OS ee See as eee 
I 


Asphalt B: 
Composite 1 


Asphalt C: 
Composite } 
D 


Asphalt D: 
Composite 1 


Asphalt E: 
Composite ! 
D 


Surfaces ee. ce ee et ee 
Binder 
Asphalt H: 
Composite ! 
D 


Surface =. 7 ee Ae eo ee 
Binder 


1 Asphalt from both surface and binder course recovered in same sample. 


Commission. 





Months 


10 
26 
27 
27 
72 
72 


10 
26 
27 
72 
72 


2 A rating of 1 is excellent; a rating of 10 denotes complete failure. 








Cm. 


200-+-+ 
197 
178 
155 
127 
30 


200+ 
200+ 
250-++ 








Data obtained by Kansas State Highway 


Table 2.—Characteristics of asphalts recovered from Virginia Experimental Project 











Sample Test Pavement Penetration, 
temperature age 100 g., 5 sec. 
Asphalt A: SAR Months 

Origine). ee eee et ce oe ee Ge URE eee 80 
DDO) oe nes Fae Pen TR et 5 ree, COS ay cee ee a 27 
D0: tesa Se OL SME.. Core eh ate te gee ee eh 50> Waar ete eee 13 
nD is es Pe ne: eee OR ES J a a oe SE 45 eee Bee Fhe ie TS 9 

hin Alm Tesidng. Sees ee ie HO Se neg Tipe, Loe ok aeee 47 
1D ee we se oe Rape? ee de Sh aye. aera 60 el eee 13 
1D Ot ee conc ee Se a ee, Se CUS Tel i pee Sl a ee 9 

Fron Pavement 923: fee de ek Se eens ee me 0 50 
1a eee eens See a eee i ea ea 77 12 33 
DG. Fete Re Ee es a Se, Seon 77 24 34 
Bl iat ie BE a A Ee ee a 77 48 28 

Asphalt B: 

Criieini als N29 ot on a Oe ee dt Ee vi dae Al Gate Se Se 71 
cD Te ie, eens SEE te PR Getea? oe ate eee ee pst ee et Dieta 28 
IO) Sete ee Le ee ey oe BO OT 5 heer 15 

Baty DIT TASC es eo ee Si ay Soa ve! Pigs ne eee 44 
D623 * Pe aes CO Fe Wo Seeeee ce 18 
GFE a eo ae eee aed eee C05 2 A ee eee 11 

MFOM PAVEMENT. + See ee ae 77 0 48 
DO -koceeeee eee Sis 77 12 38 
1D Ped aa ee Re IS Fs Says Bs 77 24 33 
Dols. - ae S 77 48 32 

Asphalt C: 

UOrigivigl-.. 6. cee ee ee ee Llib EP REE. RS 82 
DO fF. St ee ee . ee COR os ees ee 31 
0g See cng eee, CE ae 50 ee z 19 

peain Tht TOSIG6 = eee ee ee ee Sat 77 fate 57 
Dor ke. si ee x ie ee ee A 60 a = 2 21 
Docs cere Se ede ae ees ee i ey en 15 
Dos Ce ne eaeee 50 Ss Ae ae : 11 

From pavement !_ Seon ee Se eee 77 0 64 

2 Se ar ey Se ee SE a Bo ee 77 12 45 
jf ea Ee ee ER a = oe 77 24 39 
1S (ee eee a —— os ad 77 48 40 








Ductility, 
5 cm. per min. 


Cm, 
250+ 
250-++ 
191 
46 
250-+ 
89 
8 


250-+- 
250+ 
250-++ 
250-+- 


250-++ 
154 
16 
170 
17 
5 


242-+- 

125 
64 
50 


239 
229 
35 
195 
26 
9 

6 


238-+- 
165 
135 
128 


' Figures given are averages of results from four samples taken laterally across the pavement from each section. 
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in the asphalt composition. Thus, the 
difference between ductility at the same con- 
sistency for original asphalts and ductility of | 
asphalts after accelerated tests or after 
recovery from the pavement is a measure of 

the ductility destroyed or lost. This ductility 


decrease can also be considered a measure of 


the degree of change caused by oxidation or 
other alterations in composition of asphalts. 
The ductilities for original asphalts at equiva- 
lent penetrations can be obtained by making 
tests at several temperatures to establish the 
ductility-penetration curve. 
Because of the conditions of the thin film 
oven test, the change in the ductility-penetra- 
tion relation occurring during the test would 
be expected to be equal to or less than changes © 
in ductility-penetration occurring in the pave- 
ment in use. The loss of ductility during the 
thin film test may then be considered to 
represent the minimum change expected in 
service and asphalts that failed to retain 
adequate ductility in this test would most 
likely undergo rapid decreases in ductility in | 
the pavement. For asphalts retaining high 
ductility at relatively low penetration after 
the thin film test (for example, ductility of 
more than 150 cm. at penetrations as low as 
20) loss of ductility measured by the labora- 
tory test most likely can be discounted as a 
factor in the pavement behavior. However, 
cracking and ravelling caused by abnormal 
hardness (low penetration) for such materials 


may still be a contributing factor in pavement | 


performance. 


Critical Ductility-Penetration 
Relationship 


The foregoing discussion implies that a 
critical ductility-penetration relationship 
exists below which low ductility would be a. 
potential cause of poor pavement service and 
above which ductility would not be a signifi- 
cant factor affecting pavement durability. 
Admittedly, because of the many variables 
involved, a precise location for such a dividing 
line will be extremely difficult to determine. 
However, examination of the ductility-pene- 
tration relationships of asphalts used in many 
pavement evaluation studies, including ma- 
terials from many of the more important 
sources of highway asphalts, indicates that 
most asphalts will have ductilities for equiva- 
lent penetrations that will plot above the 
dotted curve shown in figures 6 through 15. 
As will be discussed later, considerable 
evidence indicates that a ductility-penetration 
relationship that plots in the area below this 
curve may have a bearing on performance of 
an asphalt in service. The limiting values 
of ductility for the thin film residues included 
in the recently adopted AASHO specifications 
for asphalt generally are based on relation 
ships shown by the dotted line in figs. 6-15. 


Relation of Pavement Performance 
to Penetration-Ductility 
Relationship 


To determine the extent to which the 
penetration-ductility relationship is a factor 
in pavement behavior, both published and 
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unpublished data from several pavement 
‘projects were examined. 


Ohio study 


In 1941 the Bureau of Public Roads and 
the Ohio Department of Highways made a 
joint study of bituminous concrete pavements 
in Ohio (8) in which factors affecting pave- 
‘ment performance were considered. One of 
the conclusions was that, for the 50-60 pene- 
tration asphalts used in the asphaltic con- 
eretes, satisfactory service was not likely to 
continue after the penetration of the asphalt 
had fallen appreciably below 30. The cor- 
responding critical ductility was reported to 
‘be about 10 to 13 centimeters. The report 
on the Ohio pavements contains ductility and 
“Penetration data at 77° F., plotted in figure 6. 
§ can be seen from this figure, unsatisfactory 
Service in Ohio was generally associated with 
a low ductility at penetrations between 30 
and 50. The only significant departure from 
_ this trend being one project that was reported 
to be in good condition after 35 months of 
Bervice, even though the ductility was 5 
centimeters for a penetration of 44. It is 
oa that the dotted line indicating 
the location of the critical ductility-penetra- 
Mon relationship appears to be the locus of 
lL the data points for the satisfactory pav ement. 
owever, the important relationship indicated 
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_ Figure 5.—Ductility-penetration relation of residues of steam 
and vacuum refined asphalts from the same source after harden- 
jing under different conditions. Tests were made at 77° F. 
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is that, although several satisfactory pave- 
ments fall below the ductility-penetration 
boundary, no _ unsatisfactory pavements 
having penetrations greater than 25 were 
above the boundary. 


Kansas study 


Data given table 1 and plotted in figure 7 
illustrate previously unpublished test results 
obtained from an experimental project in 
Kansas. This project involved six asphalts 
from different sources that were used as an 
overlay over old rigid pavement. The as- 
phalts were recovered from samples cut 
periodically from the pavement. The curves 
for each asphalt were obtained by plotting 
the ductility at 77° F. against the penetration 
at 77° F. of the asphalts recovered from the 
pavement at different ages. The relative 
6-year service rating of the sections containing 
each asphalt are shown in table 1. In the 
rating system used, a rating of 1 indicates no 
failure or cracking whereas a rating of 10 
indicates complete failure. 

The section containing asphalt D, for which 
the ductility was very low at penetrations in 
the range of 30-40, had the poorest service 
record. The section containing asphalt H 
also had low ductility after the penetration had 
dropped below 30, and it showed the next 
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Figure 6.—Ductility -penetration relation’ of asphalts recovered 
from Ohio pavements. 


Tests were made at 77° F. 


poorest service. Asphalts A, B, and C all 
retained ductilities of more than 100 cm. as 
well as relatively high penetrations, and the 
service records for pavements containing 
these asphalts were generally satisfactory. 
The penetration-ductility curve for asphalt # 
was approximately the same as that for 
asphalt H although the service records were 
significantly different. However, as_ indi- 
cated, asphalt # did not harden as much as H 
in service, thus it did not fall below the critical 
ductility-penetration relationship and the 
pavement containing it performed satisfac- 
torily. 

. The data points for the ductility-penetra- 
tion relationship of the thin film residues, 
shown as solid dots on figure 7, fall close to the 
curve for the asphalts recovered from the 
pavement except for those for asphalt D. 
The thin film data points for this asphalt fall 
significantly below the curve, and this low 
ductility indication of poor service was verified 
by actual performance of the pavement. 
Asphalt H would have been considered satis- 
factory on the basis of present criteria of 
ductility of the thin film residue at 77° F. 
but as it was a borderline material on the 
basis of the ductility-penetration boundary 
suggested in this article, its relative rapid rate 
of hardening apparently contributed to poor 
pavement service. 
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Figure 7.—Ductility-penetration relation of asphalts recovered 
from Kansas pavements at different ages. Tests were made at 
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Figure 8.—Ductility -penetration relation of asphalts recovered 


from pavement projects. Tests were made at 77° F, 


SEVERE LOCALIZED FAILURE 





7 F. 


Two Public Roads studies 


Figure 8 illustrates data obtained by Public 
toads from two extensive studies of pave- 
ments. Project A, shown by the lower curve, 
was subject to considerable criticism because 
of limited areas of severe failure that occurred 
between | and 3 years of service. The study 
of this project indicated a relatively low 
asphalt content in relation to the amount of 
fine aggregate present, and some localized 
base failures were also observed. However, 
the low ductility of the asphalts at relatively 
high penetrations is believed to have con- 
tributed significantly to the rapid failure of 
the pavement observed in localized areas once 
initial cracking occurred. 

Project B indicated by the triangular data 
points in figure 8 was a low-traffie road built 
over a period of years by several contractors. 
The older sections of this project designated 
on the curve as project B-1 were badly cracked 
although riding qualities remained satisfac- 
tory. Each data point shown is the average 
of the results of several samples from each 
section, which represents a construction con- 
tract. For the badly cracked areas, the 
penetrations at 77° F. ranged from 15 to 22 
and the ductility at 77° F. ranged from 4 to 
6 cm. Extreme hardness of the asphalt in 
these sections undoubtedly was the main 
factor contributing to 


poor performance. 
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Overheating of the asphalt during construc- 
tion or the effects of relatively high voids and 
very little traffic could have been the cause of 
this hardening. The data points obtained 
from two newer sections of project B that are 
still in good condition are of interest. These 
sections were built with different asphalts. 
Although the asphalt in project B-2 has 
generally hardened more than that in project 
B-3 the ductility-penetration relation for the 
asphalt in project B-2 is superior to that of 
the asphalt in project B-3. Consequently, 
if the asphalt hardening in project B-3 con- 
tinues, this project may fail earlier than 
project B-2. 


Bissett report 


The data plotted in figure 9, taken from the 
report presented at the 1962 Highway Re- 
search Board meeting by Professor J. R. 
Bissett (4) illustrates one of the advantages of 
considering the ductility-penetration relation- 
ship in analyzing data obtained from pavement 
samples. 

Professor Bissett’s report included data 
from five projects using Brand C asphalt. 
These pavements were of different ages and 
differed in service performance. When the 
data were examined independently, greater 
differences in ductility for the different re- 
covered asphalts than would be accounted for 





by differences in penetrations appeared to 
exist but, as shown in figure 9, when ductility 
is plotted against penetration most of the 
points fall close to the same curve. The data 
plotted in figure 9 are for four of the five 
projects for which Brand C asphalt was used 
and for the one project in which Brand A 
asphalt was used, except that several duplica- 
tions of data points at the same location are 
not indicated. The curves plotted in figure 
9 indicate that differences in behavior of 
pavements of these projects were not caused 
by any fundamental differences in the asphalts. 
Variations in construction that permitted more 
asphalt hardening in some instances than in 
others were most likely the cause. Also, all 
of the data for Brand C asphalt show relatively 
low ductilities for equivalent penetrations 
compared to asphalt from other sources; thus, 
accelerated pavement deterioration may 
occur in all of these projects once failure begins. 

The data for the project in which Brand A 
asphalt was used indicate wide variations in 
ductility for essentially the same penetration 
but, as illustrated in figure 9, the data points 
are in the area where many asphalts show a 
very rapid decrease in ductility for small 
decreases in penetration. Therefore, the dif- 
ferences were most likely the normal result of 
greater hardening and experimental error 
rather than of a significant loss in ductility 
for equivalent penetration. 


October 1963 © PUBLIC ROADS 
A 





om 


DUCTILITY, 5 CENTIMETERS PER MINUTE - CENTIMETERS 





. 


f°) 10 20 30 40 
PENETRATION, |OO-GRAM, 5 SECONDS 


Figure 9.—Ductility -penetration relation of asphalts recovered 
Tests were made at 77° F. 


_ from pavement projects in Arkansas. 


The penetration-ductility relationship for 
the asphalts recovered from the pavement 
projects discussed in the preceding paragraphs 
are based on tests made at 77° F. only. How- 
ever, the implications from data shown in 
figure 5 are that ductility and penetration 
tests made at several different temperatures 
- for the same original material and for the thin 
film residue would provide data for ductility- 
penetration curves that could possibly be 
used as the basis for predictions of pavement 
service changes. To indicate the usefulness 
of this approach, the ductilities and penetra- 
tions of the asphalts being used in experi- 
mental projects now under study were 
determined at several different temperatures. 

Table 2 shows ductility and penetration 
data for the original asphalts, the thin film 
residues, and asphalts recovered from the 
_ pavement at different ages for materials used 
in an experimental project in Virginia; and 
table 3 shows similar data for 10 asphalts 
used in the Zaca-Wigmore California Project. 
mlhe significant ductility-penetration relation- 
‘ships indicated by these data are shown in 
figures 10-15. 


Virginia study 
Because asphalt A of the Virginia Project 


"retains ductility in excess of 250 cm. after 
4 years in service, trends for the relation of 
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Figure 10.—Ductility-penetration relation for asphalt B used 


Tests on original asphalts and 


thin film residues were made at different temperatures, and 
those on asphalts recovered from pavement were made at 77° F. 


penetration and ductility are not illustrated. 
However, the data for asphalts B and C shown 
in figures 10 and 11 illustrate that significant 
changes are occurring in these asphalts. As 
would be expected on the basis of the principle 
discussed earlier in this report, the plotted 
curves show the ductility of the original 
asphalt to be greater than the ductility of the 
thin film residue for equivalent penetration. 
Although only the averages of test results for 
four samples—taken laterally across the road— 
are shown in table 2 for each pavement age, 
the individual results, as well as the averages, 
are plotted in figures 10 and 11. On the 
basis of the averages reported in table 2, no 
significant change occurred in the penetration 
of the recovered asphalt between 2 and 4 
years, but the ductility decreased to some 
extent. The individual results in figures 10 
and 11, however, are more informative. For 
example, in figure 10, all of the data points 
except the result for one 4-year sample are 
close to the plotted curve, but the points are 
not in sequence with respect to pavement age. 
This variation in rate of hardening in the 
same section was mostly likely caused by the 
differential effect of traffic at the edge of the 
road, in the wheel path, and between wheel 
paths. To date, there has been no significant 
failure in the pavement sections. Figure 10, 
however, indicates that the section containing 


asphalt B may be approaching a critical point 
in some areas, and further hardening and 
reduction of asphalt ductility may induce 
failure under severe weather or traffic con- 
ditions. The data for asphalt C plotted in 
figure 11 follows essentially the same trend as 
does the data for asphalt A in figure 10 except 
that the hardening and reduction of ductility 
have not progressed as far. 


Zaca-Wigmore Project 


The Zaca-Wigmore experimental project, 
constructed in 1954 and 1955 in California is 
one of the better known projects now under 
‘study and several reports have been issued 
concerning the performance of the asphalts 
Oe lO) 

The asphalts used in this preiect were of the 
200-300 penetration grade, thus av 77° F. 
the ductilities of all the materials were gen- 
erally high and very little useful information 
is provided by the results of the ductility 
tests made at 77° F. on the original asphalts. 
However, an analysis of test data obtained by 
the Bureau of Public Roads for ductilities of 
the asphalts and the thin film residues at 
different temperatures, together with data 
for the ductility and penetration of asphalts 
recovered from the pavements at different 
ages reported in 1959 by Hveem, Zube, and 
Skog (5), provides some interesting clues to 


227 















































e x 
Table 3.—Characteristics of asphalts recovered from Zaca-Wigmore Project ! % 
Sample Test Payement | Penetration, | Ductility, 5 Sample Test Pavement | Penetration, | Ductility, 5 | 
temperature age 100 g., 5 sec, | em. per min, temperature age 100 g., 5 sec. | cm. per min, } 
Section A: J oi Months Cm Cee Months Cm. 
Origing]= 2 eso oo ese CO. ee cae 64 244 GO econ ee 68 216 
D BO Oral oe 27 250+ AW all Pee ey eee 35 174 
AGT ah one ee 14 250+ 405 love tte 20 171 
TH Mea ee ee 120 193 TT ieee Wee eee 85 224 
60h, yor oti. eee 35 250+- eM Aah) OE ae See Fe 32 122 
AS eee eee ee 17 250+ DO Melee see 16 22 
4 ee a eee ee 12 250-++ 
7 ae! Go | erage eRe 2, 4 8 38 77 5 93 100+ 
77 12.5 sy nn eee 
77 5 WS lefo gate eee eee see 77 20 42 100+ 
77 12.5 SA ae Ne eee eere a 77 35 38 21 
77 20 400 Flee 2 8 Seek 
7, 35 44 100+ Section G: 
Origine! 252 eee eee 60 80 186 
D 55 60 209 
60) See eee 82 180 50 44 103 
BO” Ho see ees 44 148 45 32 137 
45 = | Aes See 30 174 40 26 
400 ee Ae eee 21 190 77 90 141 
77) ee Ole Soe cee 121 152 60 36 41 
60) di, wiisesecteeevese 2 131 50 24 11 
50): | See ee 24 87 45 18 7 
CA a ese ee 17 26 
77 5 86 82 
77 3.5 NAR ee een ine 77 12)5 AT > 2 ee eee 
77 11 107 terete ee HEE 20 39 4 
77 19 ARS RE oe, eae 77 35 33 12 
77 33 56 100+ 
Section C: 60 ots | Soe eee 74 242 
Original=© 23s -s3.0¢ Rae GOA o lscte se Seo 66 250-+- 50k ee eA eee ee 40 225 
D HU PML yl eseceanc cee 32 175 40° = ip ea caee eee ees 21 200+ 
AO a tees oe ne coca ne 15 0 i eamccaeh | PERE Ses MT appt 75 183 
(i Pid BT ERE RE tees 120 191 GO es | eee aie 30 96 
00) Deusen eee ee 36 250+ BOTS 2 Ba tt Coe ee es Set) 17 16 
D0 tire ane ee ee aoe 18 250-+- 40.0 rs eke ee oe 10 6 
40 es ee ee oe 9 37 
77 7.5 62 100+- 
as 5 L320 an aa eee re 77 16 52 100+ 
77 12.5 (EM gets Se 77 30.5 34 96 
Tk 20 Ay Dee 58 PSS 
77 35 4 100-++ Section H: 
Crea Pee er eee ee 60 69 246 
ot ae a Fa ee ee 74 221 
60 Se osee oe ees 34 220 
40 A | eee ees cee 14 250-+- 
Tlie. pat eee ees 121 173 
CONG ayes awe ae 36 250+ 
OO + Reg Sees eee 18 250-+- 
ApS) aL esas 12 250+ 
40 Ba eee eee 9 0 
77 AyD YY a (eae » eee ot 
77 12.5 OS el ett ae See 
77 20 DOM ira) ee ace 
77 35 52 100+ 
60 85 238 
50 49 170 
45 35 243 
40 26 250-+ 
77 65 201 
60 25 138 
50 15 21 
45 11 9 
77 5 93 100+ 
77 12.5 38 100+ 
Fifi 20 PA ee || kta eaten Ss 
77 35 16 16 
1 Data for original asphalts and thin film residues obtained by Bureau of Public Roads Tests. Data from pavement samples taken from report by Hveem, Zube, and Skog (64). f 
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‘in Virginia experimental project. 


the asphalt characteristics. Table 3 shows 
‘the test data from both sources. Sections E, 
| F, and G all showed relatively poor perform- 
nce. Figure 12 shows the ductility-penetra- 
tion relationships of the asphalts used in 
section E. This asphalt lost 4.45 percent by 
weight and retained only 27.7 percent of its 
original penetration in the thin film test, thus 
| it would not comply with the asphalt specifica- 
tion now being used in California. The 1959 
‘progress report showed that section E had 
failed in 1958. Figure 12 confirms the con- 
¢lusion that the early failure of this section can 
be attributed almost entirely to the hardening 
caused by the high degree of volatility of this 
asphalt. The asphalts recovered from the 
pavement at 35 and 45 months had penetra- 
tions at 77° F. of 16 and 10 respectively but 
showed essentially the same ductility-penetra- 
tion relationship as the thin film residue tested 
at different temperatures. It can be con- 
cluded from these test results that oxidation 
has not caused large changes. 

The data reported for the asphalt used in 
Section F and shown in figure 13 are more 
erratic. This asphalt also had a high loss 
(2.25 percent) and a low retained penetration 
(34.7 percent of the original) in the thin film 
test. The characteristics of the asphalts 
ecovered from pavement samples at different 
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_ Figure 11.—Ductility-penetration relation for asphalt C used 
Tests on original asphalts and 
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periods suggest that this asphalt may be 
subject to rapid oxidation in the road as well 
as have considerable volatility. Based on the 
arbitrary dividing line, the asphalt recovered 
at 38 months had a relatively unsatisfactory 
ductility-penetration relationship. At 54 
months the range of ductilities of the recovered 
asphalts was 7 to 83 cm. for 9 cores. The 
average penetration was 25. It is possible 
that the variation in penetration of the asphalt 
recovered from each core would account for a 
large proportion of the difference in ductility, 
but it is also possible that localized variations 
in conditions after construction permitted a 
variable amount of oxidation of the asphalt. 

The  ductility-penetration relationships 
shown in figure 14 for the asphalts used in 
sections G and G—2 are of interest. Hveem 
and his coauthors (5) reported that a change 
in the refinery methods or crude sources was 
made by the manufacturer of the asphalts 
used in these sections, but the reported differ- 
ences in laboratory tests were small. How- 
ever, the hardening that occurred during mixing 
for asphalt used in section G was considerably 
greater than for asphalt used in section G—2, 
the percentages of retained penetrations were 
45.1 and 71.8, respectively. 

The results of tests on the original asphalts 


and the thin film residue for asphalt from 
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Figure 12.—Ductility-penetration relation for asphalt E in 
Zaca-Wigmore experimental project. 
and thin film residues were made at different temperatures, and 
those on asphalts recovered from pavement were made at 77° F. 


Tests on original asphalts 


section G shown in figure 14 indicate that 
this asphalt is subject to considerable change 
in the ductility-penetration relationship during 
the thin film test and thus is also likely to 
undergo rapid changes in pavement service. 
The data for the asphalts recovered from the 
pavement confirm that changes in the duc- 
tility-penetration relationship had occurred. 
All of the ductility-penetration data points 
fall somewhat below the thin film residue line 
and also below the arbitrarily established 
critical boundary. 

Although test results reported for the as- 
phalt used in section G—2 indicated that it 
was similar to the asphalt used in section G, 
the test results plotted in figure 14 show that 
the thin film residue of the asphalt in section 
G-2 had a ductility-penetration relationship 
that was definitely superior to that of the 
thin film residue of the asphalt used in section 
G. The data point for the asphalt recovered 
from the pavement at 30 months shows that 
at this age the asphalt still retained a good 
ductility-penetration relationship. It is be- 
lieved that a significant factor in the better 
performance of pavement in section G-—2 
reported in the 1959 progress report is this 
better ductility-penetration relationship as 
well as a slower rate of hardening of the 
asphalt. 
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Figure 13.—Ductility -penetration relation of asphalt used in section F of Zaca-Wigmore 
Tests on original asphalt and thin film residue were made at differ- 
ent temperatures, and those on asphalts recovered from pavement were made at 77° F. 


experimental project. 


Effect of difference in asphalt content 


Two sections of the Zaca-Wigmore road 
were designated I-2. One of these contained 
5.8 percent and the other 6.3 percent asphalt. 
The asphalts recovered after several periods 
of service were significantly different. The 
penetrations reported in 1959 for section I-2 
containing 6.3 percent asphalt were 71, 55, 
and 51 when recovered at 7.5, 16, and 30.5 
months respectively. Duetility, reported only 
for the 30.5-month sample, was 96 em. Pene- 
trations for the asphalts recovered from the 
section containing 5.8 percent asphalt were 
56, 38, and 25 and had corresponding duc- 
tilities of 95, 10, and 6 em. Although data 
for the thin film residues and original asphalts 
at temperatures other than 77° F. 


are not 
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available for these sections, figure 15 shows 
that the ductility-penetration relationship for 
the sample at 30.5 months from the section 
containing 6.3 percent asphalt was essentially 
the same as the relationship for the sample 
obtained at 7.5 months from the section con- 
taining 5.8 percent asphalt. This indicates 
that the lower rate of hardening in the section 
containing the higher asphalt content was the 
result of increased protection against oxidation. 

The asphalt used in section J was included in 
the California experiment because it was con- 
sidered to represent a high quality product. 
The service record of this section was reported 
to be excellent in the 1959 progress report. 
The ductility-penetration relationships of this 
asphalt, based on tests at different tempera- 
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tures and shown in figure 15, show that the 
original asphalt retained a high ductility for @ 
relatively low penetration. All test results for 
ductility were more than 200 em., except fo 
the test made at 40° F. for which the ductilit 
was 119 cm. and the penetration was 19. Th 
ductility at 19 penetration for the thin fil 
residue was 21 em., considerably less than fo 
the original but still well within the are 
considered satisfactory. The available dat 
from asphalts recovered from the pavemen 
section shows that at 35 months the ductilit 
at 77° F. was greater than 100 em. and th 
penetration was 70. Thus, the ductility an 
penetration of this asphalt in the pavement i 
not likely to become critical even at relativel 
low service temperatures. 
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Figure 14.—Ductility-penetration relation of asphalts used in sections G and G-2 of 
Tests on original asphalts and thin film residues 
were made at different temperatures, and those on asphalts recovered from pavement 
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Figure 15.—Ductility-penetration relation of asphalts used in sections J and I-2 of Zaca- 
Tests on original asphalts and thin film residues were 
made at different temperatures, and those on asphalts recovered from pavement were 
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Part V—Traffic Controls for Highway 
Construction and Maintenance 
Operations 


As a result of the demand for Part V of the 
Manual on Uniform Traffic Control Devices for 
Streets and Highways, this part of the manual 
has been reproduced as a separate publication, 
Part V—Traffic Controls for Highway Con- 
struction and Maintenance Operations, and is 
now available from the Superintendent of 
Documents, U.S. Government Printing Office, 
Washington, D.C., 20402, at 25 cents a copy. 
This separate issue of the 59-page section of 
the 1961 edition of the manual includes 
information on standards for signs, barriers 
and channelizing devices, lighting devices, 
and control of traffic in areas of highway 
construction and maintenance, and also 
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includes a discussion of the adaptation of 
these standards to peculiarly urban problems. 


Research—A Section of the Action 
Program for Highway Safety 


Research—A Section of the Action Program 
for Highway Safety, tenth in the series of basic 
documents known as the Highway Safety 
Action program issued by the President’s 
Committee for Traffic Safety, may be pur- 
chased from the Superintendent of Docu- 
ments, U.S. Government Printing Office, 
Washington, D.C. ,20402, at 15 cents per copy. 
This 35-page report discusses—in relation to 
the traffic safety problem—the need for 
research, information obtained, and additional 
information needed. It also presents a plan 
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for an effective nationwide traffic safet; 
research program. 


Traffic Safety Services—Directory ©, 
National Organizations 


Traffic Safety Services—Directory of Nationa 
Organizations is now available from th 
Superintendent of Documents, U.S. Govern 
ment Printing Office, Washington, D.C. 
20402, at 15 cents a copy. This publicatior 
was prepared by the Office of Highway Safety 
Bureau of Public Roads, at the request © 
field directors of national safety organizations 
The Directory lists addresses, support sources 
chief executives, and traffic safety service 
of 26 major national safety organizations 
It is specifically intended for the use 0 
Federal, State, and local officials. 
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A list of the more important articles in Pusiic Roapds and title 
teets for volumes 24-31 are available upon request addressed to 
ureau of Public Roads, Washington, D.C., 20235. 

The following publications are sold by the Superintendent of 
locuments, Government Printing Office, Washington, D.C., 20402. 
irders should be sent direct to the Superintendent of Documents. 
repayment is required. 


(NNUAL REPORTS 


mnual Reports of the Bureau of Public Roads: 

1951, 35 cents. 1955, 25 cents. 1958, 30 cents. 1959, 40 cents. 
1960, 35 cents. 1962, 35 cents. (Other years, including 1961 
- report, are now out of print.) 


tEPORTS TO CONGRESS 


factual Discussion of Motortruck Operation, Regulation and 

' Taxation (1951). 30 cents. 

federal Role in Highway Safety, House Document No. 93 (1959). 

60 cents. 

dighway Cost Allocation Study : 

First Progress Report, House Document No. 106 (1957). 
35 cents. 

Final Report, Parts I-V, House Document No. 54 (1961). 
70 cents. 

Final Report, Part VI: Economic and Social Effects of High- 
way Improvement, House Document No. 72 (1961). 25 
cents. 

Che 1961 Interstate System Cost Estimate, House Document No. 49 

(1961). 20 cents. 


U.S. HIGHWAY MAP 


Map of U.S. showing routes of National System of Interstate and 
Defense Highways, Federal-Aid Primary Highway System, and 
_U.S. Numbered Highway System. Scale 1 inch equals 80 miles. 
25 cents. 
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PUBLICATIONS 


Be recate Gradation for Highways: Simplification, Standardiza- 
tion, and Uniform Application, and A New Graphical Evaluation 
Chart (1962). 25 cents. 

az erica’s Lifelines—Federal Aid for Highways (1962). 15 cents. 
Classification of Motor Vehicles, 1956-57 (1960). 75 cents. 
Design Charts for Open-Channel Flow (1961). 70 cents. 


PUBLICATIONS 
of the Bureau of Public Roads 





PUBLICATIONS—Continued 


Federal Laws, Regulations, and Other Material Relating to High- 
ways (1960). $1.00. 

Financing of Highways by Counties and Local Rural Govern- 
ments: 1942-51 (1955). 75 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Capacity Manual (1950). $1.00. 


Highway Statistics (published annually since 1945) : 
1955, $1.00. 1956, $1.00. 1957, $1.25. 1958, $1.00. 1959, $1.00. 
1960, $1.25. 1961, $1.00. 


Highway Statistics, Summary to 1955. $1.00. 

Highway Transportation Criteria in Zoning Law and Police Power 
and Planning Controls for Arterial Streets (1960). 385 cents. 

Hydraulics of Bridge Waterways (1960). 40 cents. 


Increasing the Traffic-Carrying Capability of Urban Arterial 
Streets: The Wisconsin Avenue Study (1962). 40 cents. 
Appendix, 70 cents. 


Interstate System Route Log and Finder List. 10 cents. 
Landslide Investigations (1961). 30 cents. 
Manual for Highway Severance Damage Studies (1961). $1.00. 
Manual on Uniform Traffic Control Devices for Streets and High- 
ways (1961). $2.00. 
Part V—Traffic Controls for Highway Construction and Main- 
tenance Operations (1963). 25 cents. 
Parking Guide for Cities (1956). Out of print. 
Peak Rates of Runoff From Small Watersheds (1961). 30 cents. 
Road-User and Property Taxes on Selected Motor Vehicles, 1960. 
30 cents. 
Selected Bibliography on Highway Finance (1951). 60 cents. 
Specifications for Aerial Surveys and Mapping by Photogram- 
metric Methods for Highways, 1958: a reference guide outline. 
75 cents. 
Standard Specifications for Construction of Roads and Bridges 
on Federal Highway Projects, FP-61 (1961). $2.25. 
Standard Plans for Highway Bridges (1962) : 
Vol. I—Concrete Superstructures. $1.00. 
Vol. II—Structural Steel Superstructures. $1.00. 
Vol. I11I—Timber Bridges. $1.00. 
Vol. I1V—Typical Continuous Bridges. $1.00. 
The Identification of Rock Types (revised edition, 1960). 20 cents. 
The Role of Aerial Surveys in Highway Engineering (1960). 40 
cents. 
Traffic Safety Services, Directory of National Organizations 
(1963). 15 cents. 
Transition Curves for Highways (1940). $1.75. 
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